Introduction
Different methods have been used to measure protein synthesis involving administration of isotopically labeled amino acids with subsequent measurement of the incorporation of label into protein. For animal studies this is usually a radioactive isotope due to cost and ease of measurement while human studies have usually used stable isotopes (16, 17) . Protein synthesis in the exocrine pancreas has been analyzed in studies involving pancreatic stimulation by diet (6, 11, 25) , hormones (insulin, CCK) (1, 9, 10, 12, 19, 21, 24, [26] [27] [28] as well as in different models of acute pancreatitis (4, 5, 13, 15, 18, 22) . Most of the early studies were done using different ways of administering the labeled amino acid as a tracer and some were lacking an accurate assessment of the specific radioactivity of the precursor amino acid at the site of protein synthesis. As indicated with all these studies, the amino acid labeled analysis can be performed using pancreatic tissue obtained in vivo or in vitro with isolated pancreatic cell fragments or lobules. While total protein synthesis is the usual parameter measured, the same principles apply to determination of the synthesis of individual proteins after isolation by immunoprecipitation or gel electrophoresis.
Measurement of pancreatic protein synthesis in vivo. The Flooding Dose technique.
For in vivo experiments, the use of readily accessible compartment pools, such as the intracellular free amino acids or plasma pools, to estimate precursor labeling is based on the assumption that the experimental treatment does not alter the relationship between the labeling of the sampled pool and that of the aminoacyl-tRNA, the direct precursor of protein synthesis. However, experimental conditions have the potential to alter precursor enrichment either by affecting the amount of labeled amino acid entering the cell or by affecting the contribution of unlabeled amino acids derived from protein degradation to the charging of aminoacyl-tRNA. In these cases, the problem of accurately determining precursor enrichment may be minimized by the flooding dose technique (3).
With the flooding dose technique, the labeled amino acid is injected, not as a tracer, but contained in a large (i.e., much larger than the endogenous free amino acid pool) bolus of unlabeled amino acid, making the specific activities in all free amino acid compartments more alike than if the labeled compound is given as a tracer dose. Thus the labeling of aminoacyltRNA is less likely to be affected by experimental manipulations. In addition, the large amount of amino acid injected ensures that the specific activity in the free pools remains almost constant for a certain period of time after injection (2 S] and safer for the user. Alternatively, stable isotopes can be used with derivatization and quantitation by gas chromatography-mass spectrometry (GC-MS). Finally, the flooding dose technique is advantageous not only because it is reliable, but also because it can be used in unrestrained and unanesthetized animals (2) and has been well validated in muscle (20) , liver (14) , and pancreas (29) .
The flooding dose technique, was originally described by Garlick and co-workers for heart (3) and later validated by Sweiry and co-workers (29) in rat pancreas. We have adapted the protocol of Lundholm and co-workers (14) described to measure liver protein synthesis to total pancreas protein synthesis in mice (23, 25) and rats (26) , and measured the uptake of radioactive phenylalanine into pancreas as a function of time. The time course for the specific activity (dpm/nmol of L-Phe) of the pancreatic intracellular nonprotein pool indicated that the precursor labeling in the pancreas pool does not change within the time range from 5 to 20 min after the injection of the tracer (Fig.1) . The incorporation of L-[ 
Materials

Animals
Pancreas samples are typically obtained from mice (about 20-30 g body weight) or rats (about 150 g body weight). Other animal species can be used. hazardous, has a high flash point and is non-flamable. It also has high quantum efficiency quench resistant fluors in a nonionic emulsifier system which accommodates a wide range of samples. 
Reagents and equipment
]-phenylalanine mixed with unlabeled L-phenylalanine (1.5 µmol/g) is injected by the intraperitoneal route in a volume of 300 µl for a 30 g mouse, and up to 1.5 ml in rats. For rats, the administration of tracer and unlabeled amino acid (2 ml for a 200 g rat) is by the i.v. route into the tail vein because it is rapidly administered and distributed. Administration into the tail vein of mice is possible but IP injection is easier and gives satisfactory results. 
Collection and processing of pancreatic samples
Radioactivity analysis and total protein concentration
1. One hundred µl aliquots from the intracellular fraction and from the PCA precipitate are placed in 5 ml of scintillation fluid and analyzed in a scintillation counter for 3 H for 1-5 min being sure to accumulate 10,000 cpm for statistical precision. 100 µl aliquots of 0.3 M NaOH are used in the blank samples, which also serve to control for chemiluminescence. The machine is set for quench correction and reports calculated d.p.m. 2. Protein concentration from the PCA precipitate samples is performed by using the BioRad protein detection reagent.
Calculations
Protein synthesis is calculated from the amount of radioactive L-phenylalanine incorporation into pancreatic protein using the specific radioactivity (DPM/nmol Phe) of pancreatic PCA-soluble L-phenylalanine as representative of the precursor pool and expressed as nanomoles of Lphenylalanine per milligram of protein.
Notes
Note1: This protocol for separation of amino acids was developed at the University of Michigan by Dr. Louis G. D'Alecy and Steve E. Whitesall.
Note2: Although an extremely small amount of radioactivity is injected, all column effluent solutions must be treated as radioactive. Because the effluent contains organic solvent, check with your safety people to how they want it collected.
Measurement of pancreatic protein synthesis in vitro by isolated pancreatic acini
Measuring protein synthesis in vitro in isolated pancreatic acini is similar to the techniques used for isolated lobules and any cell type in culture (7, 8, 19) . In these in vitro systems, a radioactively labeled (with 35 S or 3 H) amino acid (usually methionine and leucine) is used, flooding the extracellular space with an excess of amino acid. The cell media is sampled as the precursor pool as it is the same for all samples and is readily accessible.
Materials
Suspension of pancreatic acini
Isolated pancreatic acini are typically obtained by collagenase digestion from mouse (about 20-30 g of body weight) or rat (about 150 g of body weight) pancreas. Preparation of isolated pancreatic acini is described elsewhere in The Pancreapedia.
Reagents and equipment
1. The radioactive tracer for in vitro studies is, most often, L-[ 35 S]-methionine (1,175 Ci/mM); from NEN Life Science Products (Boston, MA), because of its higher specific activity and because it has been shown that other amino acids that were usually used for these type of experiments (i.e. leucine) can stimulate the synthetic machinery (26) are collected and added to plastic tubes on ice, already containing 2 ml of ice-cold 154 mM NaCl, and centrifuged at 300 rpm for 5 min at 4 o C to remove supernatant.
4. The samples are rapidly washed twice with 2 ml of ice-cold NaCl and after discarding the last wash supernatant, 600-650 µl of ice-cold distilled water are added.
TCA precipitation
1. Samples are sonicated for 7 sec on ice and the same volume (600-650 µl) of icecold 20% TCA is added. TCA precipitation is for 30 min on ice, followed by centrifugation at 10,000 rpm for 10 min at 4 o C. 
Calculations and results
Radioactivity obtained as cpm are used to express the amino acid incorporated into protein and differences among groups are expressed as percent change from control values. In these in vitro studies we do not use the specific activity of the intracellular pool and/or media for calculations, because the tracer concentration in the media is the same for all the samples. As an example of hormonal stimulation, the effects of CCK to stimulate total protein synthesis in pancreatic acini in a dose dependent manner, showing a biphasic response (Fig.2) .
Notes
Note3: If it is desired to separate individual protein on a gel (27) or by immunoprecipitation (19) S 35 is used and it is usually necessary to increase the amount of radioactivity to 25-50 µCi/ml or to reduce the amount of carrier methionine. However, leaving out all carrier will change the intracellular precursor concentration. 
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